Abstract
INTRODUCTION
A theory of laminar film condensation was first formulated by Nusselt [1, 2] who considered condensation onto an isothermal flat plate maintained at a constant temperature below the saturation temperature of the surrounding quiescent vapour. Expressions for condensate film thickness and heat transfer characteristics were obtained using simple force and heat balance arguments. Effects due to inertia forces, thermal convection and interfacial shear were neglected, as was surface tension and the possible presence of waves on the condensate film surface. Later, authors have subsequently refined Nusselt's theory to include some of these omissions. The effects of thermal convection were first examined by Bromley [3] and then by Rohsenow [4] each of whom proposed modifications to the latent heat of condensation to be used in assessing heat transfer at the plate. Sparrow and Gregg [5] were the first to recognize the close parallels between natural convection boundary layers and laminar film condensation. Accordingly, they presented a boundary layer treatment for condensation in the presence of an isothermal cold wall which enabled them to incorporate both thermal convection and inertia effects. Similarity solutions of the governing parabolic equations were derived and detailed numerical solutions were obtained for a wide range of Prandtl numbers and condensation rates. Excellent agreement between the exact numerical results and Rohsenow's correlation was demonstrated at large Prandtl numbers. The greatest departures from Nusselt's theory were observed at low Prandtl numbers.
In view of the parallels between natural convection and laminar film condensation, it was a natural progression for Sparrow and Gregg [5] to consider the possible existence of similarity solutions for non-isothermal conditions at the plate. They concluded that the families of wall temperature distributions, power-law , a are constants, did not in fact permit similarity solutions. In particular, this appeared to preclude the existence of such a solution for the standard boundary condition of constant heat flux at the plate, which they had solved successfully in the natural convection setting in [6] . The influence of variations in wall temperature on the laminar film condensation was studied by Nagendra and Tirunarayanan [7] , but unfortunately their presented results were questioned by Subrahmaniyam [8] . The work that follows this assertion is re-examined. Similarity solutions for variable wall temperatures
are found and the associated flow and heat transfer characteristics are presented.
PHYSICAL MODEL AND GOVERNING EQUATIONS
The physical model to be examined is illustrated in Figure 1 . A semi-infinite flat plate is aligned vertically with its leading edge uppermost. The surrounding ambient is pure quiescent, saturated vapor maintained at a temperature 
SIMILARITY EQUATIONS
In the actual situation, the function   
Equations (1) reduce to
where 
Let the condensate film flow rate per unit width of the wall be 
where the first term is the heat transferred from the condensate to the plate, the second represents the latent heat of condensation and the third is due to subcooling of the condensate below saturation temperature. Negligible heat conduction across the liquid-vapour interface has been assumed.
In terms of the transformation variables, this leads to the result
The quantities that appear in equation (13) are output data from the solutions of the appropriate equations. As pointed out by Sparrow and Gregg [5] , a unique correlation, therefore, exists between the condensation parameter and
ANALYTICAL SOLUTIONS
Analytical solutions, instead of numerical solutions, of the equations (6) and (7) can be obtained by means of series solutions so that some useful formulas and properties of condensation heat transfer can be readily found.
The asymptotic solutions of the equations (6) and (7) are 
APPROXIMATE FORMULAS
The most important result to be given in problems of the present type is an expression for heat transfer. This can be presented most conveniently by introduction of the local Nusselt number The asymptotic approximation is (13) and (19) give for low or high Prandtl numbers. It is worth to mention to this end that the corrected power-law Nusselt's formula concerning the questionable results presented in [7, 8] 
Most of the existing experimental data deal with the average heat transfer coefficient. It is, therefore, necessary for the sake of comparison between theory and experiment to consider the definition of the average heat transfer coefficient for the case where the surface temperature varies as in the present case. Since [9] for the case of uniform surface heat flux.
ISOTHERMAL CASE AND COMPARISONS OF PREVIOUS CORRELATIONS AND EXPERIMENTAL VALUES
Previous theoretical analyses of laminar film condensation have been mostly centered on isothermal surfaces. In the isothermal case,    Comparison of the approximate formula (31) with exact numerical result is presented in Table 1 . These Nusselt number results for large and low Prandtl numbers are presented in Figure 2 which is nearly identical to this paper's result, when the inertia forces are neglected, that is, the Prandtl number approaches infinity and only the first approximation is considered. It is quite evident that the correlation (31) is more accurate than previous correlations, especially at finite and low Prandtl numbers.
For low or high Prandtl numbers and which is the same as Nusselt formula [1, 2] for the case of uniform surface temperature. In the [11] . Table 2 shows that the present formula (35) appears to predict the experimental results better than Nusselt's formula (36) except Mills and Seban's case, where their tube was too short. Unfortunately, the above-measured experimental data are confined to 
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A detailed examination of laminar film condensation against a non-isothermal vertical plate has been performed. Similarity transformations for laminar film condensation on a vertical flat plate and analytical solutions for arbitrary Prandtl numbers and condensation rates have been given here. Based on the similarity solutions, the respective formulations for low and high Prandtl numbers have been followed in parallel and asymptotic formulae for the associated heat transfer characteristics have been obtained. For specific physical conditions the results contract to the results of earlier workers thus providing a basic confirmation of the validity of the solutions obtained. Unfortunately, relevant experimental information is very scarce and often results have been surmised from inappropriate physical configurations and ambient conditions. There is currently no satisfactory agreement between even first order results and experimental results. Accordingly, it is difficult to gauge the significance and value of higher order terms. Nevertheless the range of non-isothermal conditions for which heat transfer estimates may be obtained has been extended and the associated asymptotic representations presented. Results are compared with the available experimental data. As a separate, but potentially related and extremely interesting application, the various problems [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] are involving the film formation due to condensation on non-isothermal conditions. To resolve the long debatable issue regarding the ratio of heat transfer results in the non-isothermal (NS) case with those in isothermal (IS) case, the corrected Nusselt's formula should be 
